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Conversion of an Alpha-Helical to a Beta-Sheet Membrane Protein Fold
through Pro-Gly Mutations in the Loop of a Human CFTR Transmem-
brane Hairpin
Vincent G. Nadeau1,2, Charles M. Deber1,2.
1Hospital for Sick Children, Toronto, ON, Canada, 2University of Toronto,
Toronto, ON, Canada.
Membrane proteins adopt two fundamental types of fold in nature. Eukaryotic
membranes harbor only a-helical bundles composed of series of interacting hy-
drophobic a-helices separated by aqueous-located loops of varying length,
while b-barrel structures are found in the outer membrane of gram-negative
bacteria, mitochondria and chloroplasts. Their interwoven b-sheet structures
are comprised of pairs of membrane-spanning b-strand hairpins with a charac-
teristic alternating hydrophobic/small residue sequence pattern, connected by
a short intervening loop. We report that mutations in the loop of a eukaryotic
a-helical hairpin peptide from the cystic fibrosis transmembrane conductance
regulator (CFTR) can induce the peptide to adopt a b-sheet structure in a mem-
brane-mimetic environment. We characterized in sodium dodecylsulfate
(SDS), sodium perfluorooctanoate (SPFO) and dodecyl maltoside (DDM) mi-
celles several constructs of the CFTR transmembrane 3 and 4 (TM3-loop-
TM4) ‘hairpins’ in which Pro-Gly residues have been either inserted or
substituted to promote a b-turn within the putative loop region. Suitable posi-
tioning of the Pro-Gly couplet caused the formation of a ladder of discrete olig-
omers on SDS-PAGE and SPFO-PAGE. Circular dichroism spectroscopy
showed that mutants displaying oligomeric patterns adopt a stable b-sheet
structure in detergents. In addition, size-exclusion chromatography and pyrene
excimer fluorescence analysis evidenced that b-sheet oligomers are not prolif-
erative and/or random aggregates. Such a facile change from an a-helical to an
oligomeric b-hairpin structure may have implications into the evolutionary
connection between a-helical and b-barrel membrane proteins. Indeed, consid-
ering that the first membrane proteins were helical hairpins (1), these results
could reproduce an early differentiation event in the evolution of membrane
proteins.
1. Frishman, D. (2010) Structural bioinformatics of membrane proteins, 1st ed.,
pp xi, 281 p. Springer, New York.
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Simulations of Subunit Interactions in the C. Elegans GluCl Ligand-Gated
Ion Channel
Ozge Yoluk1,2, Samuel Murail1,2, Erik Lindahl1,3.
1Theoretical & Computational Biophysics, Royal Institue of Technology,
Stockholm, Sweden, 2Center for Biomembrane Research, Stockholm
University, Stockholm, Sweden, 3Center for Biomembrane Research,
Royal Institue of Technology, Stockholm, Sweden.
X-ray structures of prokaryotic homologs of cys-loop receptors have provided
significant information about the structure and function of ligand-gated ion
channels (LGICs), but recent work has pointed out critically important differ-
ences between prokaryotic cationic vs. eukaryotic anionic LGICs that could im-
ply different sites involved in their allosteric regulation1,2.
Here, we have performed simulations of the new eukaryotic GluCl receptor
from C.elegans, whose glutamate-gating makes it highly similar to important
channels such as GlyR or GABAR. The X-ray structure required both gluta-
mate and ivermectin to maintain an open state. To better understand the confor-
mations of the receptor without any ligands bound and potentially study the
early stages of the closing transition we have started from the GluCl X-ray
structure, removed glutamate/ivermectin, and performed simulations of the
channel embedded in a membrane.
Removal of ivermectin allows both lipid and water molecules to occupy the
binding pocket: the upper level of the pocket is filled with water and the lower
level is occupied by the closest lipid tail. The individual subunits remain stable
over hundreds of nanosecond (RMSD<2A˚). With ivermectin bound, the inter-
subunit distance is clearly higher (9A˚,measured asG218Ca - K281Ca) inGluCl
than GLIC (6A˚), but already in the first 150ns of simulations of GluCl without
ivermectin this drops to 7.9A˚. Following a similar trend, theM2/M3 loopmoves
closer to the next subunit and we observe a reduction in the extracellular pore
radius while the transmembrane pore only shows a smaller change.
References
1.Murail S., Wallner B., Trudell R.J., Bertaccini E., Lindahl E. 2011. Biophys-
ical journal. 100:1642-1650.
2. Howard R.J., Murail S., Ondricek K.E., Corringer PJ., Lindahl E., Trudell
R.J., Harris R.A. 2011. PNAS 108:12149-12154.2404-Pos Board B174
Determining the Binding Affinity of Toxoplasma ROP Proteins to a Mem-
brane using Free Energy Calculations
Nwamaka O. Onyeozili1,2, Keith M. Callenberg2, Siyu C. Xiao2,
Jon P. Boyle2, Michael Grabe2.
1Florida A&M University, Tallahassee, FL, USA, 2University of Pittsburgh,
Pittsburgh, PA, USA.
Toxoplasma gondii is a parasite that has infected about a third of the world’s
population where it can cause toxoplasmosis in immunocompromised humans.
The infection process involves the secretion of rhoptry proteins (ROPs) into the
host cell during invasion. These proteins associate with a nascent parasitopho-
rous vacuole membrane (PVM), which forms about the parasite. The ability of
ROP proteins to associate with the PVM is due to a specific arginine-rich do-
main consisting of three putative a-helices. MARTINI coarse-grained molecu-
lar dynamics simulations were used to elucidate the nature of this interaction
between helices from the ROP5 protein with a model membrane. Umbrella
sampling, together with Weighted Histogram Analysis Method (WHAM),
was used to calculate the binding energy of each helix to a model membrane.
We find that helix 2 binds most strongly to the membrane, which is in good
agreement with fluorescence experiments carried out on ROP5 deletion mu-
tants in vivo. We will discuss the role that membrane composition plays in tar-
geting these proteins to the PVM as opposed to the plasma membrane or other
organelles.
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A Molecular Dynamics Study of Ras Clustering in Membrane Domains
Hualin Li, Zhenlong Li, Alemayehu Gorfe.
University of Texas Health Science Center at Houston, Houston, TX, USA.
Ras proteins are small GTP-hydrohydrolyzing enzymes that function as confor-
mational switches controlling cell proliferation, differentiation, and develop-
ment. Ras nanolcustering on the plasma membrane and segregation of the
clusters into specific membrane substructure driven by competing effects
from the lipidated C-terminus and the globular catalytic domain, has attracted
much interest in recent years. In this work, we study the clustering behavior of
the full length H-ras protein in a model membrane using coarse-grained Molec-
ular Dynamics (MD) simulations. Our model membrane is a phase-separted bi-
layer comprised of 3840 DPPC, 2304 DLiPC and 1536 cholesterol molecules.
Initial results from the simulations suggest that the same fundamental forces
that drive clustering of the minimal H-ras membrane anchor also underlie the
clustering behavior of the whole protein. However, steric effects in the full-
length protein modulate the size and distribution of its clusters, as well as the
elastic properties of the bilayer. The results provide previously unavailable mo-
lecular insight into the nanoscale organization of lipidated proteins on the
plasma membrane.
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Preferential Location of Amino Acids Across the Membrane in a-Helices
and b-Barrel Membrane Protein Structures
Eduardo Jardon-Valadez1, Martin B. Ulmschneider2.
1Universidad Autonoma Metropolitana, Lerma, Mexico, 2University of
California, Irvine, CA, USA.
Membrane proteins perform important physiological functions since they act as
sensors for extra-cellular stimuli and gates for transport and communication.
However, the basic forces and principles that drive membrane protein folding
and assembly remain elusive. The key to the thermodynamic stability of mem-
brane proteins is the complex physiochemical environment of the lipid bilayer.
At the most basic level the hydrophobic core of the bilayer has been used to
develop hydrophobicity scales that can identify putative transmembrane helices
in membrane proteins. Recent refinements have utilized the realization that dif-
ferent amino acid types have strong preferences for particular insertion depths
along the membrane normal, allowing a more detailed prediction and differen-
tiation of buried, interfacial, and loop segments.
However, prediction of beta-barrel membrane protein segments has so far re-
sisted this analysis. This was primarily due to a lack of sufficient high resolu-
tion structures. Here we extend a method previously developed and
successfully applied to alpha-helical membrane proteins to beta-barrels. We re-
port the distribution of amino acids along the membrane normal for beta-barrels
and compare the differences to alpha-helical proteins. For both protein types
membrane interfaces are dominated by small residues such as glycine, alanine,
and serine. Charged residues displayed non-symmetric distributions with
charged residues generally preferring the intracellular interface. This effect
was more prominent for Arg and Lys resulting in a direct confirmation of the
Tuesday, February 28, 2012 473apositive inside rule. Even though there are many similarities the overall
distributions are remarkably different between alpha and beta proteins, with
beta-barrels displaying a much narrower hydrophobic core. We confirm that
hydrophobic residues are the main driving force behind membrane protein
insertion, while polar, charged and aromatic residues were found to be impor-
tant for the correct orientation of the helix inside the membrane.
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Biophysical Characterization of the FtsL/B Subcomplex of the Bacterial
Divisom
Loren M. LaPointe.
University of Wisconsin-Madison, Madison, WI, USA.
Cell division in the gram-negative bacterium Escherichia coli is carried out
through the cooperative assembly of at least 10 required proteins, known as
the divisome. Few divisome proteins have described functions, and the struc-
tural details of their interactions are still primitive. The focus of this study is
the structural characterization of two proteins that interact independent of
other divisome components; FtsL and FtsB. Both proteins contain a small cy-
toplasmic tail, a single-pass transmembrane domain (TMD), and a predicted
coiled-coil domain (CCD). We are also structurally characterizing the homo-
logs of FtsL and FtsB, FtsL and DivIC, respectively, in Bacillus subtilis, the
gram-positive model system of bacteria.The sequences of FtsL and FtsB are
not highly conserved, but similar proteins are present in other bacterial spe-
cies. FtsL and FtsB rapidly degrade in the absence of one another in vivo,
so their interaction is a possible regulation point in division. Additionally,
the stability of FtsL and DivIC is predicted to be important for guarding
against transmembrane proteolysis. Here, we present a detailed structural
characterization done through the use of use of in vitro biophysical interaction
assays, in vivo screening methods, and computational modeling. Due to the
difficult nature of studying integral membrane proteins, we have dissected
FtsL and FtsB into their separate domains and performed biophysical interac-
tion assays to determine how the domains work together to interact in vitro.
Our combinatorial approach will provide a basis for functional hypotheses
of these proteins in vivo, significantly improving our understanding of bacte-
rial cell division.
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Structure and Assembly of Escherichia Coli Outer Membrane Protein A
Rosetta N. Reusch.
Michigan State University, East Lansing, MI, USA.
Outer membrane protein A (OmpA) of Escherichia coli is a paradigm for the
biogenesis of outer membrane proteins; however, the structure and assembly
of OmpA remain controversial. Studies to date support the hypothesis that na-
tive OmpA is a single-domain large pore, and a two-domain narrow pore con-
former is a folding intermediate. The in vitro refolding of OmpA to the large
pore conformation requires that the protein be isolated from outer membranes
with an intact disulfide bond and then adequately incubated in lipids at tem-
peratures R 26 C to overcome the energy of activation for refolding. The
in vivo maturation of the protein involves covalent modification of serines
of the N-terminal domain by oligo-(R)-3-hydroxybutyrates as the protein is
escorted across the cytoplasm by SecB for post-translational secretion across
the SEC translocase in the inner membrane. After cleavage of the signal se-
quence, protein chaperones, such a Skp, DegP and SurA, guide OmpA across
the periplasm to the BAM complex in the outer membrane. During this pas-
sage, a disulfide bond is formed between C290 and C302 by DsbA, and the
hydrophobicity of segments of the C-terminal domain which are destined
for incorporation as b-barrels in the outer membrane bilayer is increased by
covalent attachment of oligo-(R)-3-hydroxybutyrates. With the aid of the
BAM complex, OmpA is then assembled into the outer membrane as a sin-
gle-domain large pore.
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A Structural Recognition Mechanism Study of MARCH and its Substrate
Ling Wu, Xi Cheng, Wonpil Im.
University of Kansas, Lawrence, KS, USA.
Ubiquitination, used by all eukaryotic cells to tag proteins for proteasomal
degradation, is also involved in membrane protein regulation. The process
of ubiquitination is mediated by ubiquitin ligases, such as the MARCH li-
gases in this study. The MARCH ligases are membrane proteins and play
a major immunoregulatory role in cells of the immune system. They recog-
nize their (membrane protein) substrates via transmembrane (TM) interac-
tions_a poorly understood phenomenon. In order to characterize these TM-induced MARCH-substrate interactions, we have performed replica exchange
molecular dynamics (REX-MD) simulations in an implicit membrane to
model TM structures of MARCH-1 and MARCH-9 based on their TM and
loop sequences. Both MARCHs have two putative TM helices (TM1 and
TM2) connected by an extracellular loop. The key TM1-TM2 interfacial res-
idues and the relative orientation of the two TMs are identified and presented.
We have also determined possible TM interaction modes of known MARCH-
substrate by REX-MD simulations of the complex structure, and the results
will be presented in terms of the molecular basis of the MARCH-substrate
recognition mechanisms.Protein Biophysics in vivo
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Folding Dynamics of Trp-Cage in the Presence of Chemical Interference
and Macromolecular Crowding
Margaret S. Cheung, Antonios Samiotakis.
University of Houston, Houston, TX, USA.
Proteins fold and function in the crowded environment of the cell’s interior. In
the recent years it has been well established that the so-called ‘‘macromolec-
ular crowding’’ effect enhances the folding stability of proteins by destabiliz-
ing their unfolded states for selected proteins. On the other hand, chemical
and thermal denaturation is often used in experiments as a tool to destabilize
a protein by populating the unfolded states when probing its folding landscape
and thermodynamic properties. However, little is known about the compli-
cated effects of these synergistic perturbations acting on the kinetic properties
of proteins, particularly when large structural fluctuations, such as protein
folding, have been involved. In this study, we have first investigated the fold-
ing mechanism of Trp-cage dependent on urea concentration by coarse-
grained molecular simulations where the impact of urea is implemented
into an energy function of the side chain and/or backbone interactions derived
from the all-atomistic molecular dynamics simulations with urea through
a Boltzmann inversion method. In urea solution, the folding rates of a model
mini protein Trp-cage decrease and the folded state slightly swells due to
a lack of contact formation between side chains at the terminal regions. In ad-
dition, the equilibrium m-values of Trp-cage from the computer simulations
are in agreement with experimental measurements. We have further investi-
gated the combined effects of urea denaturation and macromolecular crowd-
ing on Trp-cage’s folding mechanism where crowding agents are modeled as
hard-spheres. The enhancement of folding rates of Trp-cage is most pro-
nounced by macromolecular crowding effect when the extended conforma-
tions of Trp-cast dominate at high urea concentration. Our study makes
quantitatively testable predictions on protein folding dynamics in a complex
environment involving both chemical denaturation and macromolecular
crowding effects.
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Protein-Protein Interactions in Crowded Cellular Environments
Michael Feig1, Yuji Sugita2.
1Michigan State University, East Lansing, MI, USA, 2RIKEN, Wako,
Saitama, Japan.
Explicit solvent fully atomistic molecular dynamics simulations of chymotryp-
sin 2 in concentrated protein solutions are described to better understand the
role of protein-protein interactions in crowded cellular environments. The ef-
fect of protein crowding on protein stability and self-diffusion is discussed
and compared with experimental data. An energetic analysis is presented to
quantitatively analyze the components of the free energy of crowding, i.e.
the transfer free energy between dilute solvent and crowded environments.
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Quantitative Theory for Protein-Protein Interactions in a Crowded
Environment
Youngchan Kim1, Jeetain Mittal2.
1Naval Research Laboratory, Washington, DC, USA, 2Lehigh University,
Bethlehem, PA, USA.
Protein-protein interactions play an essential role in many biological processes,
including DNA transcription regulation, signal transduction, membrane-protein
trafficking and immune response. The cellular medium is crowded with an en-
semble of macromolecules, e.g., proteins, nucleic acids, sugars and lipids.
These macromolecules can occupy as high as 30% of the cell volume and in-
teract with proteins via van der Waals and electrostatic interactions, thereby
